Peste des petits ruminants (PPR) is an economically important contagious disease of small ruminants. PCR-based techniques have been successfully used for rapid diagnosis of PPR. The method used for isolation of RNA from tissue samples is an important concern when using reverse transcription-PCR (RT-PCR) methods for the detection of PPR virus (PPRV). In this study, a commercial kit for manual preparation and an automated processing technique for RNA extraction were compared in terms of performance. Thirty-two small ruminants, each from different flocks, with PPR suspect submitted to laboratory were chosen to compare manual and automated extraction methods for the detection of PPRV. Vero cells were used for PPRV isolation. One-step RT-PCR was used for the detection of PPRV RNA. From the 32 submitted samples, CPE was observed in 11 samples. PPRV nucleic acid was detected in 11 of 32 samples that were manually extracted, while viral RNA was detected in 9 of 32 extracts prepared by the robot. Two samples that were negative with automated extraction were weakly positive in manual extraction. RNA quality and quantity were assessed using a spectrophotometer. According to the results, difference in quantity among two methods was statistically significant (P<0.0001, two-tailed paired t-test), and manual extraction method is suitable for detection of low amounts of PPRV RNA in clinical samples. 
INTRODUCTION
Peste des petits ruminants (PPR) is an acute and highly contagious viral disease of domestic and wild small ruminants that is characterized by fever, purulent ocular and nasal discharge, diarrhoea and enteritis [1] . Cattle, buffaloes and camels can become infected, although they are not susceptible to clinical disease [2] .
The causative agent, peste des petits ruminants virus (PPRV), belongs to the genus Morbillivirus within family Paramyxoviridae along with rinderpest virus (RPV), measles virus (MeV), canine distemper virus (CDV), and morbilliviruses of marine mammals [3, 4] . Based on the basis of partial sequence analysis of the fusion protein (F) and nucleoprotein (N) genes, PPRV can be grouped into four lineages [5] [6] [7] . PPR viruses belonging lineages I and II have been found exclusively in west and central Africa [7, 8] . Lineage III has been isolated from eastern Africa and Arabian Peninsula whereas lineage IV has been isolated in Asia, Middle East and northern Africa [6, [9] [10] [11] [12] [13] .
Serological assays can be used to detect the presence or absences of antiviral antibodies [14] . Neutralization and isolation of virus in cell culture are time-consuming, and require special laboratory requirements, so they aren't suitable for routine diagnosis [6] . Recent advances in molecular biology have led to the development of reliable and faster diagnostic tests for diagnosis of PPR. Reverse transcription-PCR (RT-PCR) provides rapid, sensitive and reliable diagnosis of the disease [15, 16] . Samples of nasal and ocular discharge and anticoagulant-treated blood from live animals or lymph nodes, especially the mesenteric and bronchial nodes, lungs, spleen and intestinal mucosa from necropsied animals are used for diagnosis PPR [14] .
The method used for isolation of RNA from tissue samples is an important concern when using reverse transcription-PCR (RT-PCR) methods for the detection of PPRV. The aim of this study was to compare the performance of a manual extraction method, QIAamp (Qiagen), and an automated extraction instrument, MagNA Pure LC (Roche Applied Sciences), with each other for the detection of low amounts of PPRV RNA in clinical samples. The time, effort, and reagent costs for both methods were analysed. Furthermore, various routine RT-PCR methods were tested and compared using RNA extracted with both methods.
MATERIAL and METHODS

Samples and Positive Control
During January-December 2012, 32 animals (20 sheep and 12 goats), each from different flocks with no vaccination history, suspected to have PPR were submitted to the Veterinary Control Institute, Konya, Turkey. Tissue samples (lung, liver, spleen and mesenterial lymph node) were collected from 32 animals, aged between 1 and 24 months, were tested for PPR virus by RT-PCR. All tissue samples were kept at -85°C prior to sample preparation and the RT-PCR assays. Lyophilized freeze-dried live PPR vaccine (Nigeria75/1 vaccine strain) obtained from the Division of Virology, Etlik Central Veterinary Control and Research Institute, Ankara, Turkey, was used as the positive control.
Virus Isolation
Tissue samples of each animal were combined and homogenised in PBS containing antibiotics using tissue rupture (Qiagen, Valencia, CA) to give a 10% suspension. The suspensions were then centrifuged at 3.000 g for 15 min at 4°C. Supernatants were filtered (0.2-μm pore size) and then inoculated on to Vero cells, and maintained in Dulbecco's minimum essential medium supplemented with 5% foetal bovine serum. The cultures were incubated at 37°C in 5% CO 2 atmosphere and daily examined for appearance of cytopathic effect (CPE). All materials were passaged in Vero cell cultures for three times. If CPE was not observed even after 3 blind passages, the sample was considered negative. Supernatants of CPE-positive cultures were examined for nucleic acid of PPRV using RT-PCR.
Analytical Sensitivity and Specificity Experiments
Supernatants of CPE-positive cultures were collected and virus titres (PFU/ml) were determined on Vero cells in a standard plaque assay. Panels of PPRV were created by serial dilution (10 0 to 10 -4 PFU/ml) in nuclease-free water (Qiagen, Valencia, CA). Virus dilutions were extracted by each method and PPRV RNA was detected by RT-PCR. Nuclease-free water (negative control) was used per extraction method.
RNA Extraction Methods
Viral RNA was extracted from supernatants of CPEpositive cultures using two different methods. Manual RNA extraction of the supernatants was performed with the RNeasy Mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions (140 µl sample input, 50 µl output). The MagNA Pure LC 2.0 system (Roche Applied Science, Indianapolis, IN, USA) was applied for RNA extraction from supernatants using with the Magna Pure LC total nucleic acid isolation kit (Roche Applied Science, Indianapolis, IN, USA) following the manufacturer's instructions (200 µl sample input, 100 µl sample output).
RNA Quantity and Purity
A spectrophotometer (NanoDrop ND-1000, Thermo Fisher Scientific, Wilmington, U.S.A.) was used for the RNA concentration of each sample after RNA extraction. The ratio of the absorbance at 260nm and 280 nm was used to assess purity of RNA. A ratio of ~ 2.0 was used as a standard for pure RNA. Additionally, the ratio of the absorbance at ŞEVİK, AVCI İNCE 260 nm and 230 nm was calculated to assess purity of RNA, and considered to represent pure RNA within the range of about 1.8-2.0 [17] .
RT-PCR Methods
The quality of manually and robotically extracted RNA was tested in two different RT-PCR methods. One-step RT-PCR was performed with primers (PPRVF1b/PPRVF2d) which amplify a 448 bp fragment on fusion (F) protein gene sequence [5] , and primers (N1/N2) which amplify a 463 bp fragment on nucleocapsid (N) protein gene sequence [6] using One-step RT-PCR kit (Qiagen, Hilden, Germany). The assay was carried out in a 20 μl reaction mixture containing, 20 pmol of each primer, 4 μl of the 5Xone step RT-PCR buffer (Qiagen, Germany), 10 mmol dNTPs, 0.8 μl of One Step RT-PCR enzyme mix (Qiagen, Germany) and 3 microliters of the extracted RNA using a PTC 100 Thermal cycler (MJ Research Inc., USA). The amplification conditions used were reverse transcription step of 30 min at 50ºC and 15 min at 95ºC, followed by 40 cycles at 94ºC for 1 min, 50ºC for 1 min and 72ºC for 2 minutes and final extension step in 72ºC for 10 min. The PCR products were analysed on 1.5% agarose gel after electrophoresis at 90 V for 45 min.
Time and Cost Analysis
The cost analysis per sample for both manual and automated techniques was performed described by elsewhere [17] . The cost analysis per sample were included the commercial kit, reagents, consumables, and the total time requirements for processing.
Statistical Analysis
Pairwise comparison of manual and automated techniques was performed by using two-tailed paired t-test. P˂0.05 was considered to be statistically significant. All statistical analysis was performed with GraphPad InStat version 3.10 (GraphPad Software, San Diego, CA, USA).
RESULTS
Virus Isolation
The PPRV isolates were successfully isolated in Vero cells at passage level one after 3-4 days of infection. From the 32 submitted animals, CPE was observed in tissue samples of 11 animals.
RNA Quantity and Purity
Supernatants of CPE-positive cultures (n=11) were used for the comparative analysis of RNA extraction and purification of the RNeasy Mini kit (Qiagen, Hilden, Germany) and the MagNA Pure LC 2.0 system (Roche Applied Science, Indianapolis, IN, USA). The quantity of RNA obtained with manual extraction was significantly (P<0.0001) higher than automated extraction. Samples that were manually extracted displayed a mean concentration of 303.3±38.7 Furthermore, the quality of extracts was assessed by comparing the 260/280 ratios of RNAs. The mean value of the manual extracts was 1.94±0.04 (range=1.87-2.0), and the automated extracts displayed a mean value of 1.78±0.23 (range=1.12-2.02; Fig. 1b) .
The ratio of the absorbance at 260 and 280 nm (A260/280) was significantly different between manual and automated techniques (P=0.0327). Next, the ratio of the absorbance at 260 and 230 nm (260/230), used as a secondary measure of nucleic acid purity, ratio was determined. RNA extracted with both methods showed ratios below the optimum (manual: 1.16±0.09; automated: 1.7±0.4; P=0.0003).
Analytical Sensitivity of PPRV RT-PCR after Extraction of RNA by Manual and Automated Methods
The sensitivity of PPRV detection by RT-PCR after extraction by manual and automated methods was compared (Table 1 ).
All CPE-positive samples (n=11) at 10 0 PFU/ml were detected by RT-PCR after manual and automated extraction, but no replicates of PPRV at 10 -4 PFU/ml were detected by RT-PCR after extraction by all two methods. None of the negative controls was positive by RT-PCR after manual and automated extraction.
PPRV Detection in Clinical Specimens after Extraction by Manual and Automated Methods
In order to compare the efficacies of PPRV RNA extraction from different clinical specimens, tissue samples (including lung, liver, spleen and mesenterial lymph node) were extracted by each method and PPRV RT-PCR was performed with using F and N gene specific primers. The results of RT-PCR (based upon the PPRV F and N genes) were concordant in 30 of 32 samples that were extracted by all two methods (9 of 32 positive for PPRV RNA; 21 of 32 PPRV RNA were not detected). PPRV RNA was weakly detected in the two samples that were extracted manually whereas not detected by automated method.
Time and Cost Analysis
The amount of time required for sample processing and costs were compared for both manual and automated methods ( Table 2 ).
The times required for extraction of a comparable number of samples by the manual RNeasy and MagNA Pure methods were equivalent. However, the actual hands-on time was less for the automated compared to the manual extraction method. MagNA Pure reagents for RNA extraction were more expensive than RNeasy Mini kit.
DISCUSSION
Peste des petits ruminants is one of the important viral disease of small ruminants, and has been detected in all regions of Turkey since it was first officially reported in 1999 [18, 19] . Different types of tests are available for diagnosis of PPR such as virus isolation, ELISA and RT-PCR. Virus isolation is not routinely available in diagnostic laboratories because of time consuming. RT-PCR methods are recommended by OIE for confirmation of clinical cases. Therefore, RT-PCR methods have been commonly used to diagnose PPR in many diagnostic laboratories in Turkey.
Extraction is the first step in RT-PCR methods. Extracted nucleic acid concentration and purity are important to obtain reliable results. In recent years, different manual and automated extraction methods are used for diagnosis of diseases. In this study, we assessed RNA extracts generated by the manual (Qiagen, Hilden, Germany) and automated extraction (Roche Applied Science, Indianapolis, IN, USA) methods.
Our data demonstrate that manual and automated methods specificities were identical at 100%, and manual extraction's analytical sensitivity of PPRV detection by RT-PCR was better than the automated extraction (Table  1) . These results are consistent with those of Riemann et al. [17] who reported that quantity and quality of the generated DNAs were slightly higher using the manual extraction method. However, Knepp et al. [20] reported that analytical sensitivity of enterovirus detection by RT-PCR is similar after RNA extraction by manual and automated methods. A possible explanation for this result may be the differences between kits which were used for manual extraction. In this study, we used RNeasy Mini kit (Qiagen, Hilden, Germany), but they used QIAamp Viral RNA kit (Qiagen, Hilden, Germany) for manual extraction. For both extraction methods no false positive results were obtained when negative controls were tested. These findings in agreement with previous reports [20] [21] [22] , but seems contrary to previous study that reported false positive results were obtained by using MagNA Pure system [23] . Possible explanation for this result may be contamination happened during the pipetting steps of the extraction protocol.
Furthermore, in the present study the yield of manually prepared RNAs was 344% higher than the yield of automated extracts when the procedures were performed according to the supplier's manual. Similarly, the purity of manually extracted RNAs was closer to the optimum value compared to RNAs produced by the MagNA Pure. However, the 260/230 ratios determined for both methods are far below the optimum. Remaining salts in the eluate usually account for these low values. Ionic strength is known to influence the absorbance of nucleic acids, especially the absorbance at 260 nm [24] . It may be explain why low 260/230 ratios obtained by MagNA Pure. Since Magna Pure LC total nucleic acid isolation kit contains high ionic strength buffers.
Discordant results of PPRV RT-PCR were observed from two samples that were previously demonstrated to contain PPRV by virus isolation. Two samples extracted with the MagNA Pure failed to generate fragments. The lack of concordance appears to correlate with the effectiveness of the extraction technique (as defined by sensitivity studies above). Studies with serially diluted PPRV demonstrated a trend of higher sensitivity after extraction by manual method.
In this study, PPRV RNA was detected by F and N gene based RT-PCR methods. It has been reported that N gene based primers are more sensitive than F gene based primers [6] . However, we obtained consentient results between F and N gene based RT-PCR methods. All CPEpositive samples were found positive with both methods. Also, no false positive results were obtained when negative controls were tested.
In our experience, when we used manual and automated methods for direct extraction from tissue samples, we obtained much and pure nucleic acid (especially RNA) concentrations by manual method than automated method. We suggest that magnetic beads in automated methods influence the concentration of nucleic acids. In automated methods, magnetic beads coated with nucleic acids (DNA or RNA), and these stuck nucleic acids can't fully separated from magnetic beads. Therefore, obtained concentrations of nucleic acids are low.
A major concern in the implementation of manual methods to extract nucleic acid for use in amplification assays is the potential for contamination. We did not observe any contamination after extraction by RNeasy Mini kit. Likewise, MagNA Pure reduce the chances of contamination of samples. MagNA Pure provides an integrated tip guard to prevent dripping by the tips and UV sterilization between runs.
From a cost perspective, the MagNA Pure and RNeasy Mini kit extraction differed minimally at approximately $2.5/sample each. Less hands-on time and the fact that approximately two to three times the number of specimens can be processed at once make the MagNA Pure a real alternative for larger sample preparations, even though the cost per sample is higher than that for RNeasy extractions.
Nowadays, manual and automated extraction methods can be used for detection of PPRV RNA from field samples. Automated extraction methods minimize the potential sample contamination compared to the manual methods. Also, they demanded much less hands-on time than the manual methods. The first and most important step in molecular diagnosis of PPRV infection is the nucleic acid isolation. From our data, it was concluded that both RNA extraction methods (manual; 11/32, automated; 9/32) demonstrated similar performance, with no significant difference (P=0.7879). However, manual extraction performed slightly better analytical sensitivity, by 5%, than the automated extraction (Table 1) . Accordingly, our results suggest that manual extraction is suitable for RNA extraction when small numbers of tissue samples needed to be examined.
